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Abstract		
Introduction:	Early	menarche	predicts	higher	body	mass	 index	 (BMI)	and	adiposity	 in	adult	 life,	
and	 it	 has	 been	 associated	 with	 risk	 factors	 of	 cardiometabolic	 diseases	 such	 as	 elevated	
triglycerides	 and	 waist	 circumferences	 also	 higher	 risk	 of	 adult	 diabetes.	 This	 study	 aims	 to	
explore	early-menarche	as	determinant	factor	for	metabolic-risks	among	adolescent	girls	age	13–
15		years	old.		
Methods:	This	cross-sectional	study	was	undertaken	in	adolescent	girls	age	13–15	years	old	in	all	
five	municipalities	in	Jakarta-Indonesia,	from	January	2014	to	May	2016.	Data	collected	by	using	
standardized	 measures	 for	 dietary	 intake,	 nutritional	 status	 indicators,	 physical	 activity	 level,	
blood	 pressure,	 blood	 glucose	 and	 lipid	 profile,	 and	 statistically	 analyzed	 by	 independent-t	 or	
Mann-Whitney	test.		
Result:	A	 total	 of	 194	 adolescent	 girls	 participated	 in	 this	 study.	 Early	menarche	was	 found	 in	
22.68%	 of	 all	 subjects.	 There	 was	 no	 association	 between	 menarche	 status	 and	 daily	
macronutrients	 intake	pattern	and	physical	activity	 level	 score.	There	was	asscociation	between	
menarche	status	and	nutritional	status	indicators.	Early	menarche	subjects	had	significantly	body	
mass	 index	 (BMI)	 (p<0.001),	 CDC-percentile	 (p<0.001),	 WHO	 Z-score	 (p<0.001),	 and	 waist	
circumference	 (WC)	 values	 (p=0.02).	 Furthermore,	 early	 menarche	 subjects	 also	 had	 higher	
systolic	 blood	 pressure	 (p=0.035),	 total	 cholesterol	 level	 (p=0.028),	 LDL-cholesterol	 level	
(p=0.013),	 and	 triglyceride	 level	 (p=0.026).	 There	was	 no	 association	 between	menarche	 status	
and	diastolic	blood	pressure,	fasting	blood	glucose,	HDL-C	level,	and	lipid	profile	ratio.		
Conclusion:	 Early	menarche	 is	 an	 important	 determinant	 factor	 of	metabolic	 risks,	 and	balance	
between	dietary	intake	and	physical	activity	level	should	be	prioritized	among	them.	
Keywords	Critical	Care	Nutrition;		early	menarche;	adolescent	girls;	metabolic	risks;	dietary	intake,	
nutritional	status	indicators	
 
 
 
 
 
Introduction 
 
Adolescence is an important period of  life  because   
puberty occurred in this phase which marked by 
changes in the biological, physiological, 
psychosocial, and cognitive aspects.1,2 Physical and 
developmental changes in adolescent are strongly 
influenced by nutritional state. Adolescent require 
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some of the highest energy and protein than any 
other age group due to the high velocity of growth.3 
Nutrition is important at any different stage of life 
and poor nutrition has a great impact across 
generations. Adolescent girls will also become a 
mother who would conceive and give birth. For 
example, an anemia woman is likely to deliver a 
low birth weight baby. Otherwise, the 
complications during pregnancy or delivery will 
increase when an obese woman is pregnant, such as 
premature delivery and a low birth weight baby, or 
if her pregnancy is considered full term, her baby 
has a great risk to grow into obese child and 
adolescent.4  
Adolescent girls are characterized by the 
spurt in somatic growth, secondary sexual 
characteristics development, and the first menstrual 
period which called menarche.5  The timing of 
menarche is affected by many factors such as 
endogenous hormonal regulations, nutritional 
status, genetic, environmental conditions, 
socioeconomic status, and education. Nutrition can 
influence the production of gonadotropin hormone. 
The formation of gonadotropin hormone and other 
hormones is accelerated by good nutrition thus 
affect the coming of menarche. Several studies 
reported there was an association between 
nutritional status with age at menarche. 
Underweight associated with menarche delay, 
while obesity associated with early sexual 
maturation.6,7 Age at menarche get a great attention 
because of its influence on health implications. 
Early age at menarche has associated with higher 
body mass index (BMI) and excess body fat in 
adult life.8 Mueller, et al9 have reported that early 
age at menarche is associated with risk factors of 
cardiometabolic diseases as elevated triglycerides 
and waist circumferences also higher risk of adult 
diabetes. This study aims to explore early-
menarche as determinant factor for metabolic-risks 
among adolescent girls aged 13–15 years old in 
Jakarta.  
 
Materials and Methods 
 
This cross-sectional study was undertaken in 
adolescent girls aged 13–15 years in all five 
municipalities in Jakarta-Indonesia, from January 
2014 to Mei 2016. This study was part of previous 
study which was already published.10  Subjects 
were recruited by multistage random sampling 
from Public and Private Junior High School within 
the municipalities. Selected schools, which have 
more than 60 female students were randomised by 
using online randomization (www.randomizer.org) 
to get five Public and five Private Junior High 
Schools. Sampling was done after obtaining 
permission from the Local National Unity and 
Politics of Jakarta. There were two selected schools 
refused to participate and withdrew from the study. 
Minimal sample size required for this study was 
278 girls based on sample size calculation using 
prevalence of early menarche of 23.6%6 for degree 
of significance alpha of 5% and degree of 
reliability of 5%. This study was approved by the 
Health Research Ethics Committee Faculty of 
Medicine Universitas Indonesia Cipto 
Mangunkusumo Hospital (No.634/H2.F1/ETIK/ 
2013). 
Medical history, general physical 
examination, and anthropometric measurement 
were performed in the subjects. Subjects were 
interviewed on their socio-demographic 
characteristics, age of menarche (early menarche 
status was defined as menarche before 12 years of 
age), dietary nutrients intake, and physical activity. 
Interview on dietary nutrients intake at during the 
past month, including food sources and quantity of 
energy, carbohydrate, protein, fat, and fiber intake, 
and also the way to prepare and cook the meals, 
were done by experienced nutritionist using the 
semi-quantitative Food Frequency Questionnaire 
(FFQ) then adjusted by the estimated size of the 
household which compared with food models. 
Results were analyzed using Nutrisurvey 2007. 
While physical activity level was assessed by using 
the Physical Activity Questionnaire (PAQ), i.e. 
PAQ-for children (PAQ-C) used to adolescent girls 
aged 13-14 years and PAQ-for adolescent (PAQ-A) 
used to adolescent girls aged 15 years.  
Blood pressure measurement was 
performed to get systolic and diastolic blood 
pressure and nutritional status was evaluated using 
four indicators: weight (kg) per height (m)2 (Body 
Mass Index; BMI), BMI according to WHO Z-
score and CDC-percentile, and waist-circumference 
(WC). Waist-circumference was measured at the 
mid point between the last rib and the iliac crest.  
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A total of 7 ml of venous whole blood was 
drawn from the cubital vein by a trained 
phlebotomist at 7.00 until 10.00 in the morning 
after subject fasted for 12 hours for examination of 
fasting blood glucose. Blood sample was kept at 
room temperature for 30-45 minutes, and 
centrifuged at 1500 rpm for 15 minutes at 4°C to 
get blood serum and use for examination of total 
cholesterol level. Data of fasting blood glucose and 
total cholesterol level were recorded using special 
forms. The remaining blood serums were kept at -
20°C at Dharmais Hospital National Cancer Center 
Laboratory for two years and were used for 
examining HDL cholesterol and triglyceride level 
using enzymatic colorimetric method. LDL 
cholesterol was calculated using the Friedewald 
equation (LDL cholesterol = total cholesterol –
HDL cholesterol – (triglyceride/5).  
Data were recorded using special forms. 
Data were edited, coded, and submitted into 
working sheets in the computer using Statistical 
Package for the Social Sciences (SPSS) version 
20.0. Data were presented into descriptive and 
analytical approaches. Statistical analyses using 
unpaired t test or Mann-Whitney test were 
conducted to determine daily macronutrients intake 
pattern, nutritional status indicator, physical 
activity level (PAL), and metabolic profiles based 
on menarche status.  
 
Results  
	
Subjects who met the study criteria (had 
experienced menstruation, without history of 
chronic disease and therapy on steroids, without 
physically and mentally disability, and subjects’ 
parents provided written informed consent) were 
230 girls. However, only 194 adolescent girls had 
completed the measurements, representing the eight 
junior high schools across Jakarta. Most girls came 
from a low-income family and characteristics of all 
subjects were summarized in Table 1. Subjects 
were stratified into two different group based on 
the menarche status (Table 2). Early menarche was 
found in 22.68% of all subjects. All nutritional 
status indicators (BMI p<0.001, CDC-percentile 
p<0.001, WHO Z-score p<0.001, WC p=0.02) were 
associated with menarche status. 
Table 1  Subjects’  Socio-demographic 
characteristics (n=194) 
 
Variables n (%) 
Age, years 
13 
14 
15 
 
101 (52.1) 
82 (42.3) 
11 (5.7) 
Father  
Education status  
Up to Junior High School 75 (38.7) 
Senior High School and 
over 
119 (61.3) 
Job status  
Permanent job 69 (35.5) 
Non-permanent job 125 (64.5) 
Mother  
Education status  
Up to Junior High School 90 (46.4) 
Senior High School and 
over 
104 (53.6) 
Job status  
Permanent job 19 (9.8) 
Non-permanent job 20 (10.4) 
Not working 155 (79.8) 
Family income, per month  
Up to IDR 3,000,000 162 (83.5) 
More than IDR 3,000,000 32 (16.5) 
IDR, Indonesia currency in rupiahs (1US$≈13,000 IDR) 
 
High BMI, CDC-percentile, WHO Z-score, and 
WC were found in subjects with early menarche. 
There was no association between menarche status 
and daily macronutrients intake pattern and 
physical activity level score.  
Regarding to the metabolic risks, in this 
study, menarche status was associated with systolic 
blood pressure (p=0.035), total cholesterol level 
(p=0.028), LDL-cholesterol level (p=0.013), 
triglyceride level (p=0.026). However, there was no 
association between menarche status and diastolic 
blood pressure, fasting blood glucose, HDL-C 
level, lipid profile ratio. 
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Table 2  Subjects’ metabolic profiles based on early menarche status 
 
Variables 
All  
(n=194) 
Early Menarche 
(n=44) 
Non-Early Menarche 
(n=150) 
p-value 
Daily macronutrients intake 
pattern 
    
Energy, kcal 1584 (703–2963)† 1689±519‡ 1579 (703–2963)† 0.415¶ 
Carbohydrate, g 213.1 (74.3–432.9)† 228.8±74.4‡ 213.3 (74.3–432.9)† 0.833¶ 
Fats, g 55.8 (14–121)† 58 (14–121)† 57.6±19.7‡ 0.342¶ 
Protein, g 46.4 (13.8–229.0† 48.8 (21.1–110.1)† 46.2 (13.8–229.0)† 0.863¶ 
Fiber, g 5.7 (0.8–20.4)† 5.1 (1.5–20.4)† 6.0 (0.8–19.6)† 0.598¶ 
Nutritional status indicator     
BMI, kg/m2 20.0 (13.0–32.6)† 22.2±3.8‡ 19.3 (13.0–32.2)† <0.001¶ 
CDC-percentile 59.2 (0 – 98.6)† 74.9 (1.6–98.6)† 51.1 (0–98.0)† <0.001¶ 
WHO z-score 0.1±1.1‡ 0.7±1.0‡ 0±1.1‡ <0.001§ 
Waist-circumference, cm 64.5 (50.5–88.0)† 67.0 (55.0–88.0)† 63.0 (50.5 – 88.0) † 0.02¶ 
Physical activity level score 1.9±0.3‡ 1.9±0.4‡ 1.8±0.3‡ 0.215§ 
Blood pressure, mmHg     
Systolic 110 (80–140)† 110 (84–122)† 110 (80 - 140)† 0.035¶ 
Diastolic 70 (58–90)† 70 (60–84)† 70 (58–90)† 0.805¶ 
Fasting blood glucose, mg/dL 83 (55–163)† 82.5 (57.0–163.0)† 82.3±11.6‡ 0.912¶ 
Lipid profiles, mg/dL     
Total-C 170.7±25.7‡ 178.2±24.2‡ 168.5±25.8‡ 0.028§ 
LDL-C 102.7±25.6‡ 111.1±23.6‡ 100.2±25.8‡ 0.013§ 
HDL-C 49.3±10.0‡ 50.0±8.9‡ 49.1±10.3‡ 0.632§ 
Triglycerides 85 (34–248)† 72 (39–240)† 88 (34–248)† 0.026¶ 
Lipid profile ratio     
Total-C:HDL  3.39 (1.74-11.29)† 3.58 (2.34-7.10)† 3.36 (1.74-11.29)† 0.248¶ 
Triglyceride:HDL  1.73 (0.54-8.00)† 1.52 (0.66-5.22)† 1.89  (0.54-8.00)† 0.070¶ 
LDL:HDL  2.03 (0.61-8.92)† 2.22 (1.21-5.44)† 1.99 (0.61-8.92)† 0.075¶ 
All: all subjects; early menarche: subjects with early menarche status which defined as menarche before 12 years of age ; 
non-early menarche: subjects with non-early menarche status which defined as menarche 12 or over 12 years of age;  
C: cholesterol.  
†median (minimum–maximum), ‡mean±SD; §unpaired t test; ¶Mann–Whitney U test.  
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Discussion 
 
To our knowledge, this study was the first research 
conducted in Indonesian adolescents girls that 
assess metabolic risks in early menarche 
accompanied by other factors such as daily 
macronutrients intake pattern, nutritional status 
indicators, and physical activity level. The 
advantages of this research include that it could be 
generalized to the population of adolescent girls 
aged 13–15 especially in low-income urban area 
representing the eight junior high schools among 
all municipalities in Jakarta, and the random 
selection. Blood sample collection was also carried 
out at the same time, i.e. in the morning after 
subjects fasted to prevent influence of dietary 
intake to metabolic profile. Subjects were also 
carried out on fairly strict inclusion criteria to 
minimize other variations of health conditions that 
could affect the subjects. Meanwhile, the weakness 
of this study as it used cross-sectional design that 
could be threatening by the possibility of the recall 
bias when taking dietary intake and physical 
activity data. 
In our study, early menarche was found in 
22.68% of all subjects. Similar result was reported 
in other study. A study in 161 students of junior 
high school in Semarang reported 23.6% subjects 
experienced early menarche.11 The age at menarche 
has decreased steadily worldwide in recent 
decades. Study in South Korea found the declining 
trend in the average age at menarche 0.68 years per 
decade.12 Cross-sectional and longitudinal data 
general population of the United States reported 
that there was a declining average age at menarche 
approximately 14.8 years in the late 1800’s to 13 
years by 1950. The average age at menarche has 
declined over time probably as a result of 
improvements in nutrition and overall health.13 
It has been shown that childhood overweight are 
related to earlier menarche and that earlier 
menarche is associated with higher body mass 
index (BMI) in later life.8 In this study, subjects 
with early menarche had higher nutritional status 
indicators such as BMI, BMI CDC-percentile, BMI 
WHO Z-score, and waist circumference (WC) than 
non-early menarche subjects. Our results are 
consistent with other studies showing associations 
of early menarche status with nutritional status 
indicators. A cohort study over a 25 years of 
follow-up in 2,583 women (African-
American=1,333; White=1,250) aged 18–30 years 
at baseline from the Coronary Artery Risk 
Development in Young Adults (CARDIA) study 
showed that earlier menarche was associated with 
grater BMI and WC for both African-American and 
White women.14 Mueller et al.9 reported there was 
association between early menarche and higher WC 
and BMI in 8,075 women aged 35–74 years in the 
Brazilian Longitudinal Study of Adult Health. 
Earlier menarche (<11 years vs. 13–14 years) was 
significantly associated with higher WC and BMI. 
Study in 12,336 women who participated in the 
Korean National Health and Nutrition Examination 
Survey 2010 to 2013 reported that women with 
early menarche were more likely to exhibit a higher 
BMI and WC relative to the other groups.15 The 
association between onset of menarche and waist 
circumference may be attributable to the 
physiological changes of hormones and body 
composition as the effect of gain of fat mass, the 
hormonal status and normal physiological changes 
in body composition during puberty in adolescent 
girls.16 
Nutritional status becomes an important 
factor in menarche. Adolescent girls with 
undernutrition would experience delay in menarche 
compared to adolescent girls with normal 
nutritional status. Delay in menarche is due to a 
low intake of calories, carbohydrate, fat, protein, 
and other nutrients, which then affect production of 
hormone.6 Several study showed that early 
menarche mostly was associated with low fiber 
intake17-19 and high animal protein.18-21 In this 
study, there was no differences in daily 
macronutrients intake pattern between two groups. 
A prospective study in 213 girls follow-up to 4 
years showed that there was no association between 
energy intake (carbohydrate, fat, and protein) and 
early menarche.22 It might be explained to the fact 
that nutrient intake does not directly affect 
menarche status. Macronutrients intake in our study 
was obtained from interviewed that based on 
subject’s memory on that time and may describe 
short term intake. Menarche status is more related 
to excess body fat in which describes a longterm 
condition of imbalance energy as a result of high 
energy intake and could be assessed by 
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anthropometric measurements using nutritional 
status indicators. Most of subjects had low energy 
intake based on Indonesian Recommended Dietary 
Allowances (RDA). Energy intake lower than 
energy adequacy could be caused by many factors. 
RDA is used for planning basic food consumption 
of people in particular region to achieve optimal 
nutrition and health status. RDA is not intended to 
assess level of individual nutrient intake. Individual 
energy adequacy should be based on age, sex, 
weight, height, physycal activity level, thermic 
effect of food, and growth factors specifically for 
children and adolescents.23 In this study, the largest 
macronutrient contribution to total energy intake 
was derived from fat. 	 This could be caused by 
various factors such as economic factors, food 
availability, and diet pattern. Family income under 
regional minimum wage could affect the fulfillment 
of quality and quantity nutritional intake. They 
chose type of food with high dense-energy 
especially high fat diet which more affordable than 
balance diet. Most of the parents have low 
education level which could influence diet pattern 
in the family.10  
Several study showed that physical activity 
level associated with menarche status. Dreyfus et 
al. 14 reported that early menarche was associated 
with lower physical activity level for both African-
American and White women. In this study, there 
was no difference in physical activity level score	
between two groups in our study. It might due to 
the fact that most of girls has low physical activity 
level. Physical activity tends to decrease with age, 
especially after a child becomes adolescent, which 
often occurs in adolescent girls. In childhood, 
physical activity and exercise is a positive activity 
and fun activity, but as age increases, that 
perception has changed. Research shows that the 
decrease in physical activity tends to occur at the 
age of 13 to 18 years.24 
The timing of menarche has been reported 
to affect metabolic and cardiovascular health in 
adolescence.25 Several studies reported association 
between early menarche and increased risk for 
cardiovascular disease such as type 2 diabetes, 
metabolic syndrome, and high blood pressure.14 
Early age at menarche has been associated with 
increased blood pressure in many studies. In this 
study, menarche status was associated with systolic 
blood pressure, but not with diastolic blood 
pressure. Women with earlier menarche were more 
likely to have reported hypertension at recruitment 
than those with later menarche, according to a UK 
population-based cohort study, The Million 
Women Study. This study recruited 1.3 million 
women 50 to 64 years of age who had been invited 
for routine breast cancer screening by the National 
Health Service (NHS) screening programs of 
England and Scotland between	 1996 and 2001. 
They reported an increased risk of hospitalization 
or death from hypertensive disease in women with 
early menarche.25 Similar result of our study was 
found in a population-representative birth cohort, 
“Children of 1997”, in Hong Kong which assessed 
the association of maternal age of menarche with 
blood pressure. Earlier maternal age of menarche 
was associated with higher systolic blood pressure 
in adolescence. Maternal age of menarche was not 
associated with diastolic blood pressure. The 
association of maternal age of menarche with 
systolic blood pressure possibly partially driven by 
the association of earlier maternal age of menarche 
with greater excess of body fat and/or with earlier 
pubertal timing.26 
Early menarche is strongly associated with 
obesity, which increases the risk of cardiometabolic 
disease. It might be because obesity and puberty 
may influence each other through a hormonal 
changes and insulin resistance.14 In this study, 
menarche status did not related to fasting blood 
glucose level. In contrast, a cross-sectional study of 
2,039 premenopausal and postmenopausal women 
aged 44 to 56 years in Korea demonstrate a 
significant association between earlier age at 
menarche and increased risk of dysglycemia even 
at the pre-diabetes level.27 There was no association 
between fasting blood glucose and age at menarche 
in this study. This shows that insulin resistance not 
always characterized by elevated glucose level.   
Overweight or obesity in adolescent, particularly 
accumulation of fat in abdominal would increase 
waist circumference which related to increases risk 
of dyslipidemia, hypertension, insulin resistant or 
hyperinsulinemia, and impaired glucose tolerance 
or type 2 diabetes, which led to metabolic 
syndrome.28 The metabolic syndrome is likely to 
increase in developing countries due to changes in 
diet and lifestyle. The increased consumption of 
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high-calorie diet and fast food containing high 
amount of carbohydrate and fat, along with the 
increasing sedentary lifestyle shows the major 
factors that can increase prevalence of overweight 
in adolescent.29 It was found that adolescent girls 
with early menarche have higher BMI and waist 
circumference than adolescent with normal onset of 
menarche in our study. Early menarche related to 
amount of adipose tissue, which could be assessed 
by antropometric measurement such as waist 
circumference and BMI. Excess of fat is influenced 
by imbalance of energy intake and physical activity 
level. As we know, excess of fat was reported as 
one of risk factor that led to metabolic disease due 
to its association with metabolic risk factors. 
Therefore, it can be concluded that early menarche 
is an important determinant factor of metabolic 
risks. Adolescents with early menarche already 
have several metabolic risks that will become to 
any metabolik disease in later life. Nutrition is a 
crucial matter in adolescent period. It is important 
to provide adolescent an adequate intake of 
nutritious food which met their nutritional needs 
and encourage them to be more active. 
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